® 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



iiiiiin 

0 552 684 A1 



© EUROPEAN PATENT APPLICATION 

© Application number: 93100590.4 © | n t. CI. 5 : B29C 45/30 

© Date of filing: 15.01.93 



© Priority: 20.01.92 CA 2059960 

© Date of publication of application: 
28.07.93 Bulletin 93/30 

® Designated Contracting States: 

AT BE CH DE DK ES FR GB IE IT LI LU NL PT 
SE 



© Applicant: MOLD-MASTERS LIMITED 
233 Armstrong Avenue 
Georgetown Ontario L7G 4X5(CA) 

@ Inventor: Teng, Alex C. 
2 Tillplain Road 

Downsvlew, Ontario M3H 5R2(CA) 

© Representative: Patentanwalte Grunecker, 
Kinkeldey, Stockmair & Partner 
Maximilianstrasse 58 
W-8000 MUnchen 22 (DE) 



< 

s 

CO 
CM 

in 
in 



© Injection molding probe with coaxial thermocouple tube and heating element 



© An injection molding probe (40) with an elon- 
gated outer body (54) has an electrical heating ele- 
ment (76) wound in a helical coil around a central 
thermocouple tube (78) integrally braze filled in sil- 
ver in the body (54). A thermocouple bore (74) 
extends through the tube (78) into the silver (101) 
adjacent the forward end (58) of the body (54). This 
improves temperature control of the melt flowing 
around the probe (40) and also facilitates manufac- 
ture. 
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BACKGROUND OF THE INVENTION 

This invention relates generally to injection 
molding and more particularly to an improved in- 
jection molding probe. 

Heated injection molding nozzles and probes 
are widely used to maintain pressurized melt at a 
uniform temperature as it flows towards a gate 
leading to a cavity. The difference between a noz- 
zle and a probe is that the melt flows through a 
nozzle and around a probe. Previously, as seen in 
U.S. patent number 4,820,147 to Gellert which is- 
sued April 11, 1989 and Gellert Canadian patent 
application serial number 2,032,728-6 filed Decem- 
ber 19, 1990 entitled "Injection Molding Probe With 
Varying Heat Profile", probes had an electrical 
heating element which ran longitudinally in the out- 
er body of the probe. However, they do show the 
heating element bent back upon itself in different 
sections to provide varying heat along the length of 
the probe to compensate for differences in heat 
loss due to the structure of the probe. U.S. patent 
number 4,557,685 to Gellert which issued Decem- 
ber 10, 1985 shows a similar provision for nozzles 
by varying the pitch of the helical heating element 
which is wound around the outer surface of the 
nozzle body. 

It is also well known to mount removable ther- 
mocouples in probes to monitor the operating tem- 
perature near the forward end of the probe. An 
early example is seen in U.S. patent number 
4,611,394 to Gellert which issued September 16, 
1986 and shows a thermocouple extending to the 
forward end of the probe through a sleeve extend- 
ing longitudinally beside a central cartridge heater. 
More recently, Gellert Canadian patent application 
serial number 2,037,186-2 filed February 27, 1991 
entitled "Injection Molding Probe With a Longitudi- 
nal Thermocouple Bore and Off Center Heating 
Element" shows shifting the heating element off 
center to accommodate a longitudinal thermocou- 
ple bore without unduly increasing the outer diam- 
eter of the body of the probe. All of these previous 
arrangements having both a longitudinal ther- 
mocouple bore and a heating element have the 
disadvantage that either one or both of them must 
be off center. Also in order to have sufficient 
strength, the outer diameter of the probe was in- 
creased to compensate for the distance provided 
between the thermocouple bore and the heating 
element. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present in- 
vention to at least partially overcome the disadvan- 
tages of the prior art by providing an injection 
molding probe having an electrical heating element 



and a longitudinal thermocouple bore which both 
extend centrally in the outer body of the probe. 

To this end, in one of its aspects, the invention 
provides an integral injection molding probe having 
5 an elongated outer body with a rear end and a 
forward end. a longitudinal thermocouple bore ex- 
tending in the outer body to receive a thermocou- 
ple to monitor the temperature adjacent the forward 
end of the outer body, and an electrically insulated 
10 heating element with a heating portion extending to 
a terminal adjacent the rear end of the outer body, 
the heating portion of the heating element extend- 
ing in the outer body towards the forward end of 
the outer body, having the improvement wherein 
is the thermocouple tube extends through a central 
sleeve extending longitudinally in the outer body of 
the probe, and the heating portion of the heating 
element is wound coaxially around the tube to form 
a helical coil. 

20 Further objects and advantages of the invention 
will appear from the following description taken 
together with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

>5 * 

Figure 1 is a sectional view of a portion of a 
multi-cavity injection molding system showing a 
probe according to a preferred embodiment of 
the invention, 

v Figure 2 is a sectional view showing how the 
probe is made, and 

Figure 3 is an isometric view showing the rear 
end of the probe. 

35 DETAILED DESCRIPTION OF THE DRAWINGS 

Reference is first made to Figure 1 which 
shows a portion of a hot tip gated multi-cavity 
injection molding system. A melt passage 10 

40 branches from an inlet 12 in a heated melt distribu- 
tion manifold 14 to convey pressurized melt to 
each cavity 16. The melt distribution manifold 14 
has an integral heated inlet portion 18 and an 
electrical heating element 20 as described in Mold- 

45 Masters Canadian patent application serial number 
2,044,793-1 filed June 13, 1991 entitled "Injection 
Molding Manifold With Integral Heated Inlet Por- 
tion." The manifold 14 extends between a cavity 
plate 22 and a back plate 24 which are separated 

so by a spacer plate 26. These plates are cooled by 
pumping cooling water through cooling conduits 
28. The manifold 14 is accurately centrally located 
in this position by the cylindrical inlet portion 18 
extending through a matching opening 30 in the 

55 back plate 24 and by a central locating ring 32 
which is seated between it and the cavity plate 22. 
As can be seen, this provides an insulative air 
space 34 between the heated manifold 14 and the 
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surrounding cooled plates. A circular collar 36 is 
secured in a seat in the back plate 24 by bolts 38 
and locates the mold in the molding machine. 

The system has a number of heated probes 40 
according to the invention which are made by the 5 
method described below. Each probe 40 extends 
through a sealing sleeve 42 and into a well 44 in 
the cavity plate 22. Each sealing sleeve 42 has a 
ridged outer surface 46 which provides insulative 
air grooves 48 between it and the surrounding 10 
cavity plate 22. Each sealing sleeve 42 also has a 
larger diameter rear collar portion 50 which extends 
between the manifold 14 and the cavity plate 22 to 
prevent leakage of pressurized melt from the melt 
passage 10 into the air space 34. The inner dianv 75 
eter of the sealing sleeve 42 is the same as the 
diameter of the adjacent bore 52 in the manifold 14 
which is large enough to form the portion of the 
melt passage 10 which extends around the heated 
probe 40. ^ 

Each probe 40 has an elongated outer body 54 
with a rear end 56 and a forward end 58. In this 
embodiment of the invention the forward end 58 
has a pointed tip, but in other embodiments it may 
be made with a different shape suitable for other 25 
types of gating such as angle tip or hot edge 
gating. The outer body 54 of each probe 40 has a 
larger diameter rear cap portion 60 which extends 
between the manifold 14 and the back plate 24. 
The back plate 24 is secured in position by bolts 30 
62 which extend through the spacer plate 26 into 
the cavity plate 22. The back plate 24 thus applies 
a force to the rear ends 56 of the probes 40 which 
holds the probes 40, manifold 14, and sealing 
sleeves 42 securely in position. The outer body 54 35 
of each probe 40 also has an intermediate portion 
64 extending between the larger diameter rear cap 
portion 60 and a smaller diameter forward portion 
66. The intermediate portion 64 is just long enough 
to extend to the melt passage 10, and its diameter ao 
is just large enough to fit precisely in the matching 
bore 52 through the manifold 14 to prevent leakage 
of the pressurized melt between them. As de- 
scribed in the applicant's Canadian patent applica- 
tion serial number 2,037,186-2 mentioned above, 45 
the forward portion 66 of each probe 40 has four 
equally spaced fins 68 which project outwardly to 
contact the sealing sleeve 42 to accurately locate 
the probe 40 at the operating temperature. The 
melt flows between the fins 68 which are smoothly so 
shaped to avoid any dead spots in the flowing melt. 
The rear end 56 of each probe 40 has a retaining 
plug 70 which is screwed into a threaded seat 72 in 
the cap portion 60 of the outer body 54 of the 
probe 40. 55 

While the outer body 54 of the probe 40 is 
similar to previous probes, the probe 40 according 
to the invention has a novel central thermocouple 



bore or hole 74 and heating element 76 arrange- 
ment. The thermocouple bore 74 extends through a 
central stainless steel tube 78 which extends lon- 
gitudinally in the outer body 54 of the probe 40. 
The electrical heating element 76 has a heating 
portion 80 which is wound coaxially around the 
central tube 78 to form a helical coil. The heating 
element 76 extends to a terminal 82 adjacent the 
rear end 56 of the outer body 54. The terminal 82 
receives power from an external source through 
connecting lead 84. In this embodiment, the heat- 
ing element 76 has a nicketehrome resistance wire 
86 extending through a refractory powder 88 such 
as magnesium oxide in a steel casing 90. The 
electrical terminal 82 is made by the method de- 
scribed in U.S. patent number 4,837,925 to Gellert 
which issued June 13, 1989. A coating 92 of mag- 
nesium oxide or other suitable insulating material is 
applied between the steel terminal body 94 and a 
steel protective cap 96. A bared end 98 of the 
heating element 76 extends into the terminal 82 to 
be in electrical connection with the terminal body 
94. The heating element 76 also has a bared 
fprward end (not shown) which is grounded when 
the outer body 54 is braze filled with silver 100 or 
other suitable highly conductive material around 
the heating element 76 and the thermocouple tube 
78 as described in more detail below. The helical 
heating portion 80 of the heating element 76 has a 
varying pitch along its length to compensate for 
differences in heat loss. As can be seen, the pitch 
is less near the areas where there is direct contact 
between the heated probe 40 and the surrounding 
manifold 14 or sealing sleeve 42. In this embodi- 
ment, the outer casing 90 of the helical heating 
portion 80 of the heating element 76 has been 
swaged to have a more rectangular cross-section 
to reduce its thickness. While it is shown rectangu- 
lar for ease of illustration, in fact its comers are 
sufficiently rounded so there is a space between 
them to provide for a downward spiral flow of the 
silver during braze filling. In other embodiments, 
the outer casing 90 can be left round in situations 
where a reduction in size is not important. 

The thermocouple bore 74 extends through the 
stainless steel tube 78 a short distance forwardly 
into a nipple 101 of silver which is formed adjacent 
the forward end 58 of the outer body 54 of the 
probe 40. A thermocouple wire 102 is removably 
inserted into the bore 74 and is bent outwardly 
through a groove 104 in a rim portion 106 of the 
threaded seat 72 in the cap portion 60 of the outer 
body 54 of the probe 40. When the threaded plug 
70 is screwed into the threaded seat 72, it ensures 
the thermocouple is seated in the bore 74 which 
extends into the silver nipple 101 and retains it in 
that position. This provides for monitoring the tem- 
perature of the probe 40 in the area where the melt 
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flows around it into the gate 108. This provides a 
more accurate indication of the melt temperature 
because the thermocouple is located in the center 
of the probe 40 and not offset to one side. The 
plug 70 also secures a ground wire 110 which 
extends inwardly through a radial hole 111 in the 
rim portion 106 of the seat 72. The threaded seat 
can also be used to receive a threaded tool to pull 
the probe 40 out of the bore 52 of the manifold 14 
for repair or replacement if necessary. 

Reference is now made to Figures 2 and 3 to 
describe the method of making the probe 40. The 
three components of the outer body 54 of the 
probe 40, the forward portion 112, the centraJ 
sleeve portion 114, and the rear cap portion 60 are 
machined to the shape seen in Figure 2. The 
hollow forward portion 1 12 is made of a high speed 
steel with a longitudinal bore 116 extending to a 
closed forward end which forms the pointed for- 
ward end 58 of the probe 40. The elongated centraJ 
sleeve portion 114 is made of a hot work steel 
such as H13 with a central longitudinal bore 118. 
The rear cap portion 60 is also made of a hot work 
tool steel such as H13 with the rim portion 106 
extending around the cylindrical threaded seat 72. 
The rear cap portion 60 also has a central bore 120 
extending forwardly from the threaded seat 72. The 
central sleeve portion 114 and the rear cap portion 
60 are shaped to receive the electrical terminaJ 82 
described above when they are mounted together. 

The heating portion 80 of the heating element 
76 is swaged and wound in a helical coil around 
the steel thermocouple tube 78 which has a for- 
ward end 122 which is closed by a plug welded in 
it As described above, the helical heating portion 
80 of the heating element 76 is wound with a 
predetermined pitch which varies along its length 
to compensate for differences in heat loss. As seen 
in Figure 2, the assembled heating element 76 and 
thermocouple tube 78 are then inserted centrally 
into the aligned bores 116, 118 of the forward 
portion 112 and central sleeve portion 114 of the 
outer body 54. The cap portion 60 is then mounted 
with the rear end 124 of the thermocouple tube 78 
extending a considerable length through its central 
bore 120. The electrical terminal is then mounted 
over the bared end 98 of the heating element 76 
and these components are tack welded together to 
hold them in place: A bead 126 of a suitable 
brazing material such as nickel alloy is applied 
along the joins between the three components 112, 
114, 60 of the probe body 54 and the electrical 
terminal 82. A filler tube 128 is mounted over the 
projecting thermocouple tube 78 and screwed into 
the threaded seat 72 in the rear cap portion 60 of 
the probe body 54. The filler tube 128 has a hollow 
bore 130 with a smaller diameter square portion 
132 adjacent the cap portion 60 which facilitates 



removal of the filler tube 128 after braze filling. As 
seen in Figure 2, the rear end 124 of the ther- 
mocouple tube 78 extends above the open mouth 
134 of the filler tube 128 through which a predeter- 
5 mined quantity of silver 136 is loaded into the 
hollow bore 130 of the filler tube 128. 

The assembly is then inserted in the upright 
position shown into a vacuum furnace and first 
heated above the melting temperature of the braz- 
io ing material and then above the melting tempera- 
ture of the silver according to a predetermined 
cycle. As the furnace is gradually heated, it is 
evacuated to a relatively high vacuum to remove 
substantially all of the oxygen. Before the melting 
'5 point of the nickel alloy brazing material is reached, 
the vacuum is reduced by partially backfilling with 
an inert gas such as argon or nitrogen. When the 
nickel alloy melts, it flows by capillary action to 
seal the joins between the various components. 
20 When the silver melts, it flows downwardly around 
the heating element 76 and thermocouple tube 78 
to fill the aligned bores 116, 118, 120 of the three 
portions 112, 114, 60 of the probe body 54. This 
. process of brazing and filling in a vacuum furnace 
25 which is referred to herein as braze filling provides 
a metallurgical bonding of the nickel alloy to the 
steel and of the silver to the heating element 76, 
thermocouple tube 78, and the surrounding probe 
body 54 to form a metallurgical^ monolithic in- 
30 tegral heated probe 40. A nipple 101 of silver is 
formed around the forward end 122 of the ther- 
mocouple tube 78 adjacent the closed forward end 
58 of the probe body 54. 

After the probe 40 is cooled and removed from 
35 the vacuum furnace, the filler tube 128 is removed 
by unscrewing it from the threaded seat 72. The 
solidified silver in the square portion 132 of the 
bore 130 of the filler tube 128 breaks cleanly and 
the projecting portion of the thermocouple tube 78 
40 is twisted off. The probe 40 is machined to remove 
the flanges 138 and to provide a precise predeter- 
mined outer shape and finish. The rim portion 106 
around the threaded seat 72 in the rear cap portion 
60 of the probe body 54 is machined to form the 
45 radial thermocouple groove 104 and the radial hole 
111 to receive the ground wire 110. A thin drill is 
inserted through the hollow thermocouple tube 78 
to open the closed forward end and extend the 
thermocouple bore 74 a predetermined distance 
so into the nipple 101 of silver adjacent the pointed 
forward end 58 of the probe body 54. During 
installation, the thermocouple wire 102 is inserted 
as far as possible into the thermocouple bore 74 
and then bent outwardly through the radial groove 
ss 104 in the rim portion 106. When the threaded plug 
70 is screwed into the threaded seat 72 it ensures 
that the thermocouple is positioned all the way 
forward in the nipple 101 of silver and is securely 
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retained there. The ground wire 110 is inserted in 
through the radial hole 111 and is also clamped in 
place when the plug 70 is tightened in the threaded 
seat 72. 

In use, the injection molding system or appara- 5 
tus is assembled as shown in Rgure 1. Electrical 
power is applied to the heating element 20 in the 
manifold 14 and the heating element 76 in each 
probe 40 to heat them to a predetermined operat- 
ing temperature. Pressurized melt from a molding 10 
machine (not shown) is then injected into the melt 
passage 10 through the common inlet 12 in the 
manifold inlet portion 18 according to a predeter- 
mined cycle in a conventional manner. The pres- 
surized melt flows along around each heated probe is 
40 and through the gates 108 to fill the cavities 16. 
After the cavities 16 are filled, injection pressure is 
held momentarily to pack and then released. After 
a short cooling period, the mold is opened to eject 
the molded products. After ejection, the mold is 20 
closed and injection pressure is reapplied to refill 
the cavities. This cycle is continuously repeated 
with a frequency dependent on the size and shape 
of the cavities and the type of material being mol- 
ded. The central location of the heating portion 80 25 
of the heating element 76 and the thermocouple 
bore 74 in the nipple 101 of silver improves tem- 
perature control of the melt flowing around the 
probe 40 to the gate 108. During injection, excess 
heat is produced by friction of the melt. However, 30 
this excess friction heat is removed by the silver to 
avoid stringing when the mold opens. At the same 
time, the thermocouple registers the excess heat 
and does not call for additional heat from the 
heating element. However, when the mold is 35 
opened for ejection, sufficient heat is provided to 
prevent the melt in the area of the gate 108 freez- 
ing to the extent of forming a solid plug which 
would interfere with injection when injection pres- 
sure is reapplied after the mold is closed. Thus, 40 
temperature control is achieved more quickly and 
cycle time is reduced. 

Furthermore, this arrangement of winding the 
heating portion 80 of the heating element 76 co- 
axially around the thermocouple tube 78 has the 45 
advantage that it avoids either of them being off 
center in the probe. Therefor, more uniform heat is 
provided to the melt around the outside of the 
probe and the melt temperature can be monitored 
more accurately. Also, the distances the ther- so 
mocouple bore 74 and the heating element 76 are 
spaced from the forward end 58 of the probe body 
54 can be made different for different applications. 
Manufacture is facilitated considerably and the dan- 
ger of damaging the heating element when it is 55 
bent back upon itself has been eliminated. 

While the description of the integral heated 
probe 40 has been given with respect to a pre- 



ferred embodiment, it will be evident that various 
modifications are possible without departing from 
the scope of the invention as understood by those 
skilled in the art and as defined in the following 
claims. 

Claims 

1- In an integral injection molding probe having 
an elongated outer body with a rear end and a 
forward end, a longitudinal thermocouple bore 
extending in the outer body to receive a ther- 
mocouple to monitor the temperature adjacent 
the forward end of the outer body, and an 
electrically insulated heating element with a 
heating portion extending to a terminal adja- 
cent the rear end of the outer body, the heat- 
ing portion of the heating element extending in 
the outer body towards the forward end of the 
outer body, the improvement wherein: 

the thermocouple bore extends through a 
central tube extending longitudinally in the out- 
er body of the probe, and the heating portion 
of the heating element is wound coaxially ar- 
ound the sleeve to form a helical coil. 

2. An injection molding probe as claimed in claim 

1 wherein a highly conductive material is braze 
filled around the tube and helical heating por- 
tion of the heating element to provide the 
probe with a metallurgical^ monolithic struc- 
ture. 

a An injection molding probe as claimed in claim 

2 wherein the highly conductive material is 
silver. 

4. An injection molding probe as claimed in claim 
2 wherein the helical heating portion of the 
heating element has a predetermined varying 
pitch. 

5. An injection molding probe as claimed in claim 

4 wherein the heating element has a forward 
end near the forward end of the outer body of 
the probe. 

6. An injection molding probe as claimed in claim 

5 wherein the thermocouple bore extends 
through the central tube a predetermined dis- 
tance forwardly into the highly conductive ma- 
terial adjacent the forward end of the outer 
body of the probe. 
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Fig I 
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Fig 2 
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